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by the frequency analysis unit; an index generating unit
calculating an index representing a degree that a photo-
graphing light source is estimated to a fluorescent lamp,
based on an estimated result of the flicker component
estimating unit; and a color balance control unit calculat-
ing a color balance control value of the colorimage signal
according to the index from the index generating unit.

14: CAMERA PROCESS CIRCUIT
11 12 13
_/ / / 0
nBh CMOS N
- (} E_I 1= - AENSOR—> AFE CIRCUIT > > ADJHSIQNG ™
42
a 122 FLICKER
j +—»| DETECTING
UNIT
DRIVER 16
Y

51

PARAMETER
GENERATING
UNIT

| 7

| AMPLIFIER GAIN
SETTINGUNIT |

15: SYSTEM CONTROLLER

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1725 023 A2
Description
CROSS REFERENCES TO RELATED APPLICATIONS

[0001] The present invention contains subject matter related to Japanese Patent Application JP 2005-142253 filed in
the Japanese Patent Office on May 16, 2005, the entire contents of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The presentinvention relates to an image process apparatus for processing a color image signal and an image
pickup apparatus having an image process function, and more particularly, to an image process apparatus and an image
pickup apparatus adapted for processing a color image signal picked up by an XY address scanning type solid-state
image pickup device.

2. Description of Related Art

[0003] Recently, image pickup apparatuses for picking up and storing an image using a solid-state image pickup
device such as a digital still camera or a digital video camera come into wide use. As an image pickup device used for
the image pickup apparatus, a charge coupled device (CCD) image sensor is most generally used. Recently, as the
number of the pixels of the image pickup device has increased, a complementary metal oxide semiconductor (CMOS)
image sensor is attracting much attention. The CMOS image sensor has a function of randomly accessing an image
signal and has higher read-out speed, higher sensitivity, lower power consumption, compared with the CCD image sensor.
[0004] In addition, most of the image pickup apparatus has an automatic white balance function for automatically
determining a white balance control value depending on a photographing light source. The photographing light source
is generally estimated based on a pickup signal. As a general estimating method, there is a method of estimating the
photographing light source from a sampling average of a high brightness portion or a middle brightness portion based
on assumption called gray world in which a spectral reflection factor of a subject included in a photographed scene is
averagely close to a flat. However, since this assumption may not be established in any subject, an adequate control
result may not be obtained.

[0005] Forexample, when an RGB-colorimage pickup device having spectral sensitivity having a relatively high green
response under a fluorescent lamp is used, a ratio of a gain of G to R and B under the fluorescent lamp is preferably
lower than that of natural light. However, when the light source is not the fluorescent lamp but the color of the subject
has a large amount of green component, the light reflected from the subject has a large amount of green component.
Accordingly, it is difficult to estimate whether the light source is the fluorescent lamp or not and to obtain adequate white
balance. At this time, when it is previously determined whether the light source is the fluorescent lamp or not, it is possible
to improve the white balance control result in consideration of the characteristics of the image pickup device. Accordingly,
there is a need for automatically and accurately determining whether the light source is the fluorescent lamp or not.
[0006] Inaddition, another method of estimating a photographing light source, there is disclosed a method of previously
setting a plurality of light sources, comparing and detecting validities of the respective light sources at the time of control
to perform estimation, and selecting and interpolating a control parameter suitable for the photographing light source
from a preset value (for example, see Patent Document 1). In such a method, when the fluorescent lamp is not included
in the set light sources, adequate white balance is not obtained under the fluorescent lamp, and, although the fluorescent
lamp is included in the set light sources, it may be wrongly determined that the light source is the fluorescent lamp at
the time of comparing and detecting.

[0007] In addition, in the image pickup apparatus, the pick-up color signal may be subjected to a correction process
such as matrix conversion such that adequate color reproduction is observed in a display apparatus. A correction value
of a matrix coefficient in this process varies by the photographing light source. In particular, in a light source having a
color rendering property different from that of natural light, such as the fluorescent lamp, precision of color reproduction
may not be sufficiently obtained in the same parameter as that of the natural light. Accordingly, even in the control of
the color reproduction parameter, it is important to accurately determine the fluorescent lamp.

[0008] In the related art of determining whether the light source is the fluorescent lamp using the pickup signal, an
external sensor is formed or a color filter having a band pass property is formed in an image pickup device or an optical
system in order to determine whether the light source is the fluorescent lamp based on the spectral distribution charac-
teristics. Accordingly, the manufacturing cost or the size of the apparatus increases. Meanwhile, a technology of deter-
mining whether a photographing light source is a fluorescent lamp based on a flicker detecting result using a method of
reducing flicker of a pickup image generated by blinking of the fluorescent lamp is being considered.
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[0009] Patent Document 1: Japanese Unexamined Patent Application Publication No. 2004-165932 (paragraphs
[0034] to [0073] and Fig. 4)

SUMMARY OF THE INVENTION

[0010] However, mostofthe flicker detecting technology in the related art is performed on the assumption that exposure
timings of whole surface of an image pickup device such as CCD are unified and thus does not apply to an XY address
scanning type image pickup device such as a CMOS image pickup deice.

[0011] It is desirable to provide an image process apparatus capable of adequately controlling a color signal of an
image picked up by an XY address scanning type solid-state image pickup device to obtain a high-quality image.
[0012] In addition, itis desirable to provide an image pickup apparatus capable of adequately controlling a color signal
of an image picked up by an XY address scanning type solid-state image pickup device to obtain a high-quality image.
[0013] According to anembodiment of the presentinvention, there is provided an image process apparatus for process-
ing a color image signal, including: an integration unit which integrates at least one of each of color signals of the color
image signal or a brightness signal obtained from the colorimage signal over atleast one horizontal period; a normalization
unit which normalizes an integration value obtained by the integration unit and a difference between the integration
values of adjacent fields or frames obtained by the integration unit; a frequency analysis unit which extracts spectrum
of output values of the normalization unit; a flicker component estimating unit which estimates a flicker component from
the spectrum extracted by the frequency analysis unit; an index generating unit which calculates an index representing
a degree that a photographing light source is estimated to a fluorescent lamp, based on an estimated result of the flicker
component estimating unit; and a color balance control unit which calculates a color balance control value of the color
image signal according to the index from the index generating unit.

[0014] In the image process apparatus, the integration unit integrates at least one of each of the color signals of the
color image signal or the brightness signal obtained from the color image signal over at least one horizontal period, the
normalization unit normalizes the integration value and the difference between the integration values of adjacent fields
or frames obtained by the integration unit, the frequency analysis unit extracts spectrum of output values of the normal-
ization unit, and the flicker component estimating unit estimates the flicker component from the spectrum extracted by
the frequency analysis unit. Accordingly, the flicker component generated in an image signal picked up by an XY address
scanning type solid-state image pickup device under a fluorescent lamp is estimated.

[0015] In addition, the index generating unit calculates the index representing a degree that a photographing light
source is estimated to a fluorescent lamp, based on an estimated result of the flicker component estimating unit, and
the color balance control unit calculates the color balance control value of the color image signal according to the index
from the index generating unit. Accordingly, it is estimated whether the photographing light source is the fluorescent
lamp or not, based on the result of estimating the flicker component, and the color balance control value is output
according to the estimation.

[0016] According to the image process apparatus of the present invention, since a flicker component generated in an
image signal picked up by an XY address scanning type solid-state image pickup device under a fluorescent lamp can
be estimated and a photographing light source can be estimated based on the estimated to calculate a color balance
control value, the color balance can be adequately controlled according to the photographing light source and a high-
quality image can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

Fig. 1 is a block diagram showing main parts of an image pickup apparatus according to an embodiment of the
present invention;

Fig. 2 is a view of explaining flicker;

Fig. 3 is a block diagram showing an internal configuration of a flicker detecting unit;

Fig. 4 is a view showing an internal configuration of a parameter generating unit;

Fig. 5 is a flowchart showing a method of determining a WB gain;

Fig. 6 shows an example of a fluorescent area; and

Fig. 7 shows an example of a general area.

DESCRPITION OF PREFERRED EMBODIMENTS

[0018] Hereinafter, an embodiment of the present invention will be described in detail with reference to the attached
drawings.
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<System Configuration>

[0019] Fig. 1is a block diagram showing main parts of an image pickup apparatus according to an embodiment of the
present invention.

[0020] The image pickup apparatus shown in Fig. 1 includes an optical block 11, a driver 11a, a CMOS image sensor
(hereinafter, referred to as CMOS sensor) 12, a timing generator (TG) 12a, an analog front end (AFE) circuit 13, a
camera process circuit 14, and a system controller 15.

[0021] The optical block 11 includes a lens forfocusing light from a subject to the CMOS sensor 12, a driving mechanism
for moving the lens to perform focusing or zooming, a shutter mechanism, and an iris mechanism. The driver 11a controls
driving of the mechanisms in the optical block 11 based on a control signal from the system controller 15.

[0022] In the CMOS sensor 12, a plurality of pixels including a photodiode (photo-gate), a transport gate (shutter
transistor), a switching transistor (address transistor), an amplifying transistor, and a reset transistor (reset gate) is
arranged in two dimensions and a vertical scanning circuit, a horizontal scanning circuit, and an image signal output
circuit are formed, on a CMOS substrate. The CMOS sensor 12 is driven based on a timing signal output from the TG
12a and converts light input from the subject into an electrical signal. The TG 12a outputs a timing signal under the
control of the system controller 15.

[0023] In the present embodiment, an analog image signal obtained from the CMOS sensor 12 is an RGB primary
color signal, but may be a complementary color signal.

The AEF circuit 13 is, for example, configured by one integrated circuit (IC). The AEF circuit 13 samples and holds the
image signal output from the CMOS sensor 12 by a correlated double sampling process to maintain a signal/noise (S/N)
ratio, controls a gain by an auto gain control (AGC) process, performs an A/D conversion, and outputs a digital image
signal. The circuit for performing the CDS process may be formed on the same substrate as the CMOS sensor 12.
[0024] The camera process circuit 14 is, for example, configured by one IC. The camera process circuit 14 performs
camera signal processes such as a color correction such as the below-described white balance adjustment, auto-focus
(AF), and auto-exposure (AE) on the image signal from the AFE circuit 13 or a portion of the processes.

[0025] The system controller 15 is, for example, a microcontroller including a central processing unit (CPU), a read
only memory (ROM), and a random access memory (RAM). The system controller 15 executes a program stored in the
ROM to control the respective units of the image pickup apparatus. In addition, as described below, the system controller
15 communicates with the camera process circuit 14 and performs a portion of a calculation for the camera signal process.
[0026] In the image pickup apparatus, a signal obtained by receiving the light and converting the light into an electric
signal by the CMOS sensor 12 is sequentially supplied to the AFE circuit 13, subjected to the CDS process or the AGC
process, and converted into a digital signal. The camera process circuit 14 performs an image quality correction process
on the digital image signal supplied from the AFE circuit 13, converts the digital image signal into a brightness signal Y
and color difference signals R-Y and B-Y, and outputs the converted signals.

[0027] Image data output from the camera process circuit 14 is supplied to a graphic interface (I/F) (not shown) to be
converted into an image signal to be displayed on a monitor, thereby displaying a camera-through image on the monitor.
In addition, when the system controller 15 is instructed to record the image by an input operation of a user, the image
data from the camera process circuit 14 is supplied to an encoder (not shown) and subjected to a predetermined
compression coding process to be recorded in a recording medium (not shown). At the time of recording a still image,
image data of one frame is supplied from the camera process circuit 14 to the encoder, and, at the time of recording a
moving picture, the processed image data is continuously supplied to the encoder.

[0028] Next, a function for realizing a white balance adjusting process in the image pickup apparatus will be described.
For such a function, as shown in Fig. 1, a white balance (WB) adjusting unit 41 and a flicker detecting unit 42 are formed
in the camera process circuit 14 and a parameter generating unit 51 and an amplifier gain setting unit 52 are formed in
the system controller 15.

[0029] The WB adjusting unit 41 is a gain control amplifier for adjusting the white balance, which individually changes
the respective signal levels of colors R, G, and B of the pickup image signal, and the gain thereof is set by a control
signal from the amplifier gain setting unit 52. The flicker detecting unit 42 detects a flicker component generated on a
screen due to periodic brightness variation (light amount variation) of a fluorescent lamp when a photographing light
source is the fluorescent lamp, based on a detection value of the pickup image signal and outputs a value representing
the detection result to the parameter generating unit 51.

[0030] The parameter generating unit 51 generates a parameter representing whether the photographing light source
is the fluorescent lamp or not, based on the flicker detecting result and outputs the parameter to the amplifier gain setting
unit 52. The amplifier gain setting unit 52 sets an amplifier gain control value to the WB adjusting unit 41 such that the
white balance becomes adequate based on the detection value of the pickup image signal. The amplifier gain setting
unit 52 calculates a control value in which a signal of a white (achromatic) subject in the image becomes R=G=B according
to a result of determining the photographing light source, based on the detection result of the pickup image signal and
the parameter from the parameter generating unit 51, and sets the control value to the WB adjusting unit 41.
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[0031] By using the flicker detecting result of the fluorescent lamp for estimating the photographing light source, it is
accurately estimated whether the photographing light source is the fluorescent lamp or not and the white balance
adjustment precision is improved. In addition, by using the below-described flicker detecting sequence, flicker detection
precision can increase and thus the white balance adjustment precision can increase.

<Flicker Detecting Method>

[0032] Fig. 2 is a view of explaining flicker.

[0033] The flicker is generated at the time of photographing under a blinking light source such as a fluorescent lamp,
and a periodic vertical brightness level or color variation is observed when an image is picked up by an XY address
scanning image pickup device such as a CMOS sensor, as shown by an image P of Fig. 2. The image P represents a
state that the flicker is displayed in light and dark stripes when the subject is uniform.

[0034] For example, in the fluorescent lamp using a commercial AC power supply having a frequency of 50 Hz, a
blinking frequency is 100 Hz. In a national television standards committee (NTSC) video signal using a field frequency
of 60 Hz, when the number of lines per one field is M, a stripe-shaped period L due to such variation becomes (Mx60/100)
line. In addition, in one field, the periodic variation is generated in 100/60=1.66 period. That is, the periodic variation is
repeated every three fields.

[0035] Fig. 3 is a block diagram showing an internal configuration of a flicker detecting unit 42.

[0036] As shown in Fig. 3, the flicker detecting unit 42 includes an integration process unit 421, an integration value
holding unit 422, an average calculating unit 423, a subtraction unit 424, a normalization process unit 425, and a discrete
Fourier transform (DFT) process unit 426.

[0037] In the image pickup apparatus according to the present embodiment, the brightness signal and the color
difference signal configuring the image signal are subjected to a process using the blocks shown in Fig. 3. Alternatively,
at least the brightness signal is subjected to this process, and, if necessary, the color difference signals and the color
signals may be subjected to this process. Alternatively, in the brightness signal, the color signals before synthesis into
the brightness signal may be subjected to this process. In addition, in the color signals, the primary color signals or
complementary color signals may be subjected to this process. When the color signals are subjected to this process,
each of the color signals is subjected to the process using the blocks shown in Fig. 3.

[0038] Hereinafter, a method of detecting the flicker will be described with reference to Fig. 3.

[0039] In general, a flicker component is proportional to a signal intensity of a subject. Accordingly, when an input
image signal (brightness signal or RGB primary signal before reducing the flicker) in any pixel (x, y) and any field n of
a general subjectis In’(x, y), In’(x, y) is expressed by Equation 1 as a sum of a signal component including no the flicker
component and a flicker component proportional thereto.

Equation 1
In’ (x, y)=[1+In(y)]xIn(x, y)

[0040] Where, In(x, y) denotes a signal component, I'n(y) XIn(x, y) denotes the flicker component, and I'n(y) denotes
a flicker coefficient. Since one horizontal period is sufficiently shorter than the light emitting period (1/100 sec) of the
fluorescent lamp and the flicker coefficient is uniform in the same line of the same field, the flicker coefficient is denoted
by I'n(y).

[0041] In order to generalize T'n (y), as expressed by Equation 2, T'n(y) is expanded in Fourier series. Accordingly, it
is possible to express the flicker coefficient including a light emission characteristic and a decay characteristic, both of
which vary depending on the kind of the fluorescent lamp.

Equation 2
Tn(y)= i}/mx cos[mxz—ﬂ—x y+Om,n] -
m=1 /10

= ymxcos(mx @0x y+®m,n)

m=1
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[0042] In Equation 2, A0 denotes a wavelength of the flicker in a pixel shown in Fig. 2 and corresponds to a line L
(=Mx60/100) when the number of read-out lines per one field is M. 0 denotes an angular frequency normalized by A0.
[0043] In addition, ym denotes an amplitude of the flicker component of each order (m=1, 2, 3, ...). ®m,n denotes an
initial phase of the flicker component of each order and is determined by a light emitting period (1/100 sec) and an
exposure timing of the fluorescent lamp. Since ®m,n has the same value every three fields, a difference in ®m,n between
a just previous field and the present field are expressed by Equation 3.

Equation 3

A@mm:—%;xm

<Calculation and Storage of Integration Value>
[0044] In the flicker detecting unit 42 shown in Fig. 3, in order to detect the flicker and reduce influence of a picture,
the integration process unit 421 integrates the input image signal In’(x, y) over one line in a screen horizontal direction,

as expressed by Equation 4 to calculate an integration value Fn(y). As expressed by Equation 5, a,,(y) in Equation 4 is
an integration value over one line of the signal component In(x, y).

Equation 4

Tn(y) =Y In'(x,y) = 3 (1 +Tn(y)]x In(x, )
=Y In'(x,p)+Tn(»)Y . In(x,)

=a,(y)+a,(y)xI'n(y)

Equation 5
a,(y) =) In(x,y)

[0045] The calculated integration value Fn(y) is used for detecting the flicker in subsequent fields and temporarily
stored in the integration value holding unit 422. The integration value holding unit 422 can hold integration values of at
least two fields.

<Calculation of Average and Calculation of Difference>

[0046] Accordingly, in the flicker detecting unit 42 of Fig. 3, integration values of successive three fields are used for
removing influence of oy (y) from the integration value Fn(y). That is, in this example, at the time of calculating the
integration value Fn(y), an integration value Fn_1(y) of the same line of one field before and an integration value Fn_2
(y) of the same line of two fields before are read out from the integration value holding unit 422 and the average AVE
[Fn(y)] of three integration values Fn(y), Fn_1(y), and Fn_2(y) is calculated by the average calculating unit 423.

[0047] When it is assumed that the subject is substantially the same in the period of three successive fields, o, (y)
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may be considered to the same value. When the movement of the subject is sufficiently small in the three fields, this
assumption is no problematic in practice. In addition, calculation of the average of the integration values in the three
successive fields is similar to addition of signals in which the phases of the flicker components are deviated from one
another by (-2n/3)xm and thus the flicker component negates. Accordingly, the average vale AVE[Fn(y)] is expressed
by Equation 6.

Equation 6

2
AVE[Fn(y)] = %Z Fn_k(y)
k=0

= l{Zoz W +a, (xTn_k(y)}

3 k=0 n-k

13 1L
= _Zan_k(y)+—zan_k(y)x Fn_k(y)
3k=0 3k=0

=a,(y) +%an (y)zrn_k(}’)

k=0

=a,(y)

Equation 7

a,M=za, 0 za, ,(»)

[0048] The abovedescriptionrelates to acase of calculating the average of the integration values in the three successive
fields on the assumption that the approximation of Equation 7 is established, but, when the movement of the subject is
large, the approximation of Equation 7 is not established. The flicker detecting unit 42 of Fig. 3 is operated when the
approximation of Equation 7 is established. In this example, in the subtraction unit 424, a difference between the integration
value Fn(y) of the present field from the integration process unit 421 and the integration value Fn_1(y) of the previous
field from the integration value holding unit 422 is calculated. Equation 8 is also established on the assumption that the
approximation of Equation 7 is established.

Equation 8

Fn(y)-Fn_(y)

={a,(»)+a,)xIn()} —{a, (V) +a,, () xI'n-1(y)}
=a,(y)x{Tn(y)-T'n_1(y)}

= a,,(y)i;mx {cos(mx w0 x y+DPm,n)—cos(mx w0x y+Dm,n_1)}

m=|
<Normalization of Difference>
[0049] In the flicker detecting unit 42 of Fig. 3, the normalization process unit 425 divides the difference Fn(y)-Fn_1

(y) from the subtraction unit 424 by the average AVE[Fn(y)] from the average calculating unit 423 to perform normalization
and calculates a difference gn(y) after normalization.
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[0050] The difference gn(y) after normalization is expanded by Equation 9 using Equations 6 and 8 and a sum-product
equation of a trigonometric function, and Equation 10 is obtained from the relationship of Equation 3. In Equation 10,
|Am| and 6m are expressed by Equations 11 and 12, respectively.

Equation 9

Fn(y) - Fn_1(y)
AVE[Fn(y)]

gn(y)=

= Z;mx{cos(mx @0x y+®dm,n)—cos(mx w0x y+Dm,n_1)}

m=l

Omn+d®mn 1 . Omn-Omn_1
=—x sin( =

5 5 )}

= i(—2)7mx {sin(mxw0x y+

m=l1

Equation 10

gn(y) =Z(—2)7mxsin(mxa)0xy+(Dm,n+m><—7§)xsin(—mxzr3—)

m=1

=Z2x}/mxcos(mxa)Oxy+CDm,n+mx%-—-;i)xsin(mxg—)

m=1

=Z2x7mxsin(mx—g—)xcos(mxa)Oxy+d)m,n+mx%—%)

g

3
i

I
M

| Am|x cos(mx @0 x y + 6m)

1

3
1|

Equation 11

IAm|=2x }'mxsin(mx—g—)

Equation 12

¢9m=CDm,n+mx£—£
3 2

<Estimation of Flicker Component due to Spectral Extraction>

[0051] ©6m expressed by Equation 12 is an initial phase of spectrum of each order of the difference gn(y) after normal-
ization. When the difference gn(y) after normalization is subjected to Fourier transform to detect the initial phase 6m of
the spectrum of each order, the initial phase ®m,n of the flicker component of each order expressed by Equation 2 can
be obtained by Equation 13.
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Equation 13
T 7
Om,n=Om-mx—+—
3 2

[0052] Accordingly, in the flicker detecting unit 42 of Fig. 3, the DFT process unit 426 performs discrete Fourier-
transform on data of one wavelength (L line) of the flicker of the difference gn(y) after normalization from the normalization
process unit 425.

[0053] When the DFT calculation is DFT[gn(y)] and DFT result of order m is Gn(m), the DFT calculation is expressed
by Equation 14. Where, W in Equation 14 is expressed by Equation 15.

Equation 14

DFT{gn(y)] = Gn(m)="Y gn(i)x W™

i=0

Equation 15

| 27
W =exp][—jx—
pl—J L]

[0054] In addition, from the definition of DFT, the relationship between Equation 12 and Equation 14 is expressed by
Equation 16.

Equation 16

)
Re(Gn(m))

bm )

[0055] Where, Im(Gn(m)): imaginary part

Re(Gn(m)): real part

[0056] Accordingly, form Equations 13 and 16, the initial phase ®m,n of the flicker component of each order can be
obtained by Equation 17.

Equation 17

m(Gn(m), % %

Pm.n =120 (g o Gu(m) 3772

[0057] The DFT process unit 426 extracts spectrum by the DFT calculation defined by Equation 14 and then estimates
the initial phase ®m,n of the flicker component of each order by the calculation of Equation 17. The calculated initial
phase ®m,n is output to the parameter generating unit 51 of the system controller 15.
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[0058] According to the above-described flicker detecting method, even in an area such as a black background portion
and a low-light intensity portion in which the flicker component is very small and thus completely embedded in the signal
component in the integration value Fn(y), the flicker component can be precisely detected by calculating and normalizing
the difference Fn(y)-Fn_1(y) to the average AVE[Fn(y)].

[0059] In addition, under an actual fluorescent lamp, since the flicker component cam be sufficiently approximated
although the order is restricted to several orders, a total orders is not infinity and can be restricted to a predetermined
order, for example, two orders in calculation of the flicker coefficient 'n(y) due to Equation 2.

[0060] When the flicker component is estimated from the spectrum up to a proper order, the difference gn(y) after
normalization is approximated, without being completely reproduced, and thus, although a discontinuous portion is
generated in the difference gn(y) after normalization by the state of the subject, the flicker component at the discontinuous
portion can be precisely estimated.

[0061] When the difference Fn(y)-Fn_1(y) is normalized by the average AVE[Fn(y)], finite coefficient precision can be
efficiently ensured. For example, when the desired calculation precision can be satisfied, the integration value Fn(y)
may be directly normalized by the average AVE[Fn(y)]. Instead of the average AVE[Fn(y)], normalization is performed
by the integration Fn(y).

[0062] Although, in the above-described example, the input image signal In’'(x, y) is integrated over one line, the
integration may be performed over at least one line, because this integration is to reduce the influence of the picture to
obtain the sampling value of the flicker component. At this time, the number of the pixels to be sampled in the integration
period may decrease. Actually, several or at least ten sampling values are preferably obtained in one period of the flicker
in the screen, that is, L lines.

<Generation of Index of Fluorescent Lamp>

[0063] Fig. 4 is a view showing an internal configuration of a parameter generating unit 51.

[0064] The parameter generating unit 51 includes a delay 521, subtractors 522 and 523, a theoretical value output
unit 524, and an absolute value output unit (ABS) 525. The parameter generating unit 51 receives the initial phase ®m,
n of the flicker component of each order obtained by the DFT process unit 426 of the flicker detecting unit 42. The delay
521 holds the initial phase of one sampling before in an adjacent field (or frame) and the subtractor 522 calculates the
difference A®m,n between the initial phase in the delay 521 and the present initial phase.

[0065] The theoretical value output unit 524 outputs a theoretical value A®m,n, n_p of the difference A®m,n generated
under the fluorescent lamp and the subtractor 523 calculates a difference between the difference A®m,n output from
the subtractor 522 and the theoretical value A®m,n, n_p. A®m,n, n_p is calculated by Equation 3.

[0066] The ABS 525 obtains an absolute value of the output value of the subractor 523 and outputs the absolute value
to the amplifier gain setting unit 52 as an index (hereinafter, referred to as fluorescent lamp estimation index) representing
the probability that the light source is the fluorescent lamp (degree that the light source can be estimated to the fluorescent
lamp). The lower the fluorescent lamp estimation index, the higher the probability that the light source is the fluorescent
lamp, because the difference between the calculated A®m,n and the theoretical value A®m,n, n_p under the fluorescent
lamp is small.

[0067] For example, a temporal low pass filter may be formed on the next stage of the subtractor 522 or 523 or the
next stage of the ABS 525. Accordingly, it is possible to remove a noise component from the output value to increase
flicker detection precision.

<Determination of Fluorescent Lamp and Determination of WB Gain>

[0068] The amplifier gain setting unit 52 sets a fluorescent lamp determining flag according to the fluorescent lamp
estimation index from the parameter generating unit 51. The fluorescent lamp estimation index is compared with a
predetermined threshold value, and, when the fluorescent lamp estimation index is grater than the threshold value, the
fluorescent lamp determining flag is set to "0", and, otherwise, the fluorescent lamp determining flag is set to "1".
[0069] In order to suppress influence of error in flicker detection, for example, when the fluorescent lamp estimation
indexes from the parameter generating unit 51 are continuously equal to or less than the threshold value by a predeter-
mined number of the fields (or the frames), the fluorescent lamp determining flag may be set to "1".

[0070] Meanwhile, the camera process circuit 14 detects a result of integrating the input signals R, G, and B in an
efficient pixel area every field (or frame). In the detection, a sampling condition can be set according to the position of
the pixel or the signal level. The amplifier gain setting unit 52 receives detection signals Rd, Gd, and Bd and determines
WB gains Rgn and Bgn by the process shown in Fig. 5 every field (or frame).

[0071] Fig. 5 is a flowchart showing a method of determining a WB gain.

[0072] The amplifier gain setting unit 52 calculates WB ratios Rrt and Brt based on the detection signals Rd, Gd, and
Bd, as described above (step S11). The WB ratios are calculated by Rrt=Rd/Gd and Brt=Bd/Gd.
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[0073] Next, the process is performed depending on the value of the fluorescent lamp determining flag (step S12). As
to whether the light source is the fluorescent lamp or not, a range that the probability that the WB ratios Rrt and Brt
appear is high are previously set and it is determined whether the calculated WB ratios Rrt and Brt is in the range. That
is, when the fluorescent lamp determining flag is "1", it is determined whether the calculated WB ratios Rrt and Brt are
in a WB ratio area (fluorescent lamp area) set to the fluorescent lamp (step S13). In addition, when the fluorescent lamp
determining flag is "0", it is determined whether the calculated WB ratios Rrt and Brt are in a WB ratio area (general
area) set to a general light source (for example, sunlight) different from the fluorescent lamp (step S14).

[0074] In the determination of S13, when the WB ratios Rrt and Brt are in the fluorescent lamp area, WB gains Rgn
and Bgn are calculated using the WB ratios Rrt and Brt and set to the WB adjusting unit 41 (step S16). The WB gains
are calculated by Rgn=1/Rrt and Bgn=1/Brt. In addition, the amplifier gain setting unit 52 holds the calculated WB gains
Rgn and Bgn and updates the held value by the WB gains Rgn and Bgn calculated in the step S16 (step S17).

[0075] In addition, in the determination of the step S14, when the WB ratios Rrt and Brt are in the general area, the
WB ratios Rrt and Brt are shifted to a closest point of a reference locus such as a blackbody locus on a chromaticity
coordinate (step S15). Thereafter, the WB gains Rgn and Bgn are calculated and set using the shifted WB ratio (step
S16) and the held value of the WB gains Rgn and Bgn are updated (step S17).

[0076] Inthe determinations of the steps S13 and S14, when the WB ratios Rrt and Brt are out of the area, the detection
result of the present field (or frame) is invalid, the held value of the WB gains Rgn and Bgn are not updated, and the
held value is set to the WB adjusting unit 41 (step S18).

[0077] By the above-described process, the WB gains Rgn and Bgn are set to the WB adjusting unit 41. In addition,
the WB adjusting unit 41 multiplies the gain control value by the input signals R and B and outputs the multiplied value
together with the input signal G. In this process, the light source is estimated based on the flicker detecting result and
itis determined whether the WB ratios obtained by detecting the image signal are in arange of a value expected according
to the estimated light source. Accordingly, the probability of wrongly detecting of the light source can be reduced and
the detection precision can be improved.

[0078] Fig. 6 shows an example of a fluorescent area.

[0079] InFig. 6, an example in which the fluorescent lamp area used in the step S13 of Fig. 5 is set on the chromaticity
coordinate is shown. The fluorescent lamp area is an area in which the probability that the WB ratios Rrt and Brt appear
is high when the light source is the fluorescent lamp. When the WB ratios Rrt and Brt are in the fluorescent lamp area
as shown by points a and b of Fig. 6, it is determined that the calculated value is determined to be valid. In addition,
when the WB ratios Rrt and Brt are out of the fluorescent lamp area as shown by points c to f, the calculated value is
determined to be invalid. Even when the calculated WB ratios Rrt and Brt are out of the fluorescent lamp area, the WB
ratios Rrt and Brt may be shifted to closest points on a boundary of the fluorescent lamp area such that the WB gains
Rgn and Bgn are calculated from the shifted values, without determining that the WB ratios Rrt and Brt are invalid.
[0080] Fig. 7 shows an example of a general area.

[0081] InFig.7,anexampleinwhichthe general area used in the step S14 of Fig. 5 is set on the chromaticity coordinate
is shown. The fluorescent lamp area is an area in which probability that the WB ratios Rrt and Brt appear is high when
the light source is a lamp different from fluorescent lamp. When the WB ratios Rrt and Brt are in the general area as
shown by points g and h of Fig. 7, the calculated is determined to be valid. In addition, in the present embodiment, the
calculated WB ratios Rrt and Brt are shifted to closest points on the reference locus (for example, the black body locus)
passing through the general area. Accordingly, the points g and h are shifted in a direction perpendicular to the reference
locus as shown by points g1 and h1, respectively. Accordingly, by shifting the calculated WB ratios Rrt and Brt onto the
closest reference locus, it is possible to obtain more natural color.

[0082] When the WB ratios Rrt and Brt are out of the general area as shown by points i to k, the calculated WB ratios
Rrt and Brt are determined to be invalid. Similar to the fluorescent lamp area, even when the calculated WB ratios Rrt
and Brt are out of the general area, the WB ratios Rrt and Brt may be shifted to closest points on a boundary of the
general area such that the WB gains Rgn and Bgn are calculated from the shifted values, without determining that the
WB ratios Rrt and Brt are invalid.

[0083] As shown in Figs. 6 and 7, an area may not be formed using continuous value as the fluorescent lamp area or
the general area. That is, a plurality of discrete control target points are previously stored according to the fluorescent
lamp area or the general area such that points closest to the calculated WB ratios Rrt and Brt are selected from the
control target points. In the determination as to whether the light source is the fluorescent lamp or not, a multi-step
parameter representing the probability that the light source is the fluorescent lamp may be generated, not the flag "0"
or "1" based on the fluorescent estimation index from the parameter generating unit 51. In addition, a coefficient weighted
depending on the parameter is interpolated between a control target point for the fluorescent lamp and the other control
target point among the control target points to determine a final control target point, such that a suitable WB gain control
value can be obtained even when the different light source are mixed.

[0084] Asdescribed above, inthe image pickup apparatus according to the present embodiment, when the XY address
scanning type image pickup device such as the CMOS image sensor is used, it is estimated whether the photographing
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light source is the fluorescent lamp or not, based on the result of detecting the flicker generated on the screen under
the fluorescent lamp. Accordingly, the estimation precision can increase and the white balance can be suitably adjusted.
In addition, in a method of detecting the flicker, at least one of the color signals of the image signal and the brightness
signal obtained from the image signal is integrated over at least one horizontal period, the integration value or the
difference between the integrations values of adjacent fields or frames is normalized, spectrum after the normalization
is extracted, and the flicker component is estimated from the spectrum. Accordingly, it is possible to precisely detect the
flicker by a simple signal process, regardless of the kind of the fluorescent lamp, the image signal level, or the subject,
without using a light receiving device for detecting the flicker. Accordingly, the precision for estimating the light source
more increases and thus a high-quality image in which the white balance is adequately adjusted can be obtained.
[0085] Although, in the above-described embodiment, the process of adjusting the control value of the white balance
based on the flicker detecting result is described, the present invention is not limited to the white balance. For example,
the presentinvention is applicable to various kinds of color balance control process such as a process of linearly converting
the color signal of each channel using a matrix coefficient to obtain color reproduction suitable for the photographing
light source.

[0086] In addition, the present invention is applicable to a case where the other XY address scanning type image
pickup device such as a MOS image sensor other than the CMOS image sensor is used as the image pickup device.
Furthermore, the present invention is applicable to apparatuses such as various image pickup apparatuses using the
XY address scanning type image pickup device or a mobile telephone or a personal digital assistants (PDA) including
the image pickup function.

[0087] In addition, the present invention is, for example, applicable to an image process apparatus which performs a
process on a pickup image using a small-sized camera for TV telephone or game software connected to a personal
computer (PC) or a process for correcting the picked-up image.

[0088] The above-described process function can be realized by a computer. In this case, a program, in which the
process functions of the apparatus (functions corresponding to the flicker detecting unit 42, the parameter generating
unit 51, and the amplifier gain setting unit 52) are described, is provided. By executing the program using the computer,
the process function is realized on the computer. The program for describing the process functions may be recorded in
a computer-readable recording medium. The computer-readable recording medium includes a magnetic recording ap-
paratus, an optical disc, an optical magnetic disc, and a solid state memory.

[0089] When the program is distributed, for example, a mobile recording medium such as an optical disc or a solid
state memory having the program thereon is sold. In addition, the program may be stored in a storage device of a server
computer and transmitted from the server computer to the other computer over a network.

[0090] The computer for executing the program stores the program recorded in the mobile recording medium or the
program transmitted from the server computer in its storage device. In addition, the computer reads the program from
its storage device and executes the process according to the program. The computer may directly read the program
from the mobile recording medium and execute the process according to the program. In addition, the computer may
execute the process according to the program received whenever the program is transmitted from the server computer.
[0091] It should be understood by those skilled in the art that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements and other factors insofar as they are within the scope of
the appended claims or the equivalents thereof.

Claims
1. Animage process apparatus for processing a color image signal, comprising:

an integration unit integrating at least one of each of color signals of the color image signal or a brightness
signal obtained from the color image signal over at least one horizontal period,;

a normalization unit normalizing an integration value obtained by the integration unit and a difference between
the integration values of adjacent fields or frames obtained by the integration unit;

a frequency analysis unit extracting spectrum of output values of the normalization unit;

a flicker component estimating unit estimating a flicker component from the spectrum extracted by the frequency
analysis unit;

anindex generating unit calculating an index representing a degree that a photographing light source is estimated
to a fluorescent lamp, based on an estimated result of the flicker component estimating unit; and

a color balance control unit calculating a color balance control value of the color image signal according to the
index from the index generating unit.

2. The image process apparatus according to Claim 1, wherein the flicker component estimating unit calculates an
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initial phase component of the flicker component from the spectrum extracted by the frequency analysis unit, and
wherein the index generating unit calculates a difference between initial phase components of adjacent fields or
frames from the flicker component estimating unit and calculates the index based on the difference.

The image process apparatus according to Claim 2, wherein the index generating unit calculates the index based
on a difference between the difference between the initial phase components and a theoretical value of the initial
phase component which is previously stored.

The image process apparatus according to Claim 1, wherein the color balance control unit compares the index from
the index generating unit with a predetermined threshold value, determines whether the photographing light source
is the fluorescent lamp or not, and calculates the color balance control value according to the determined result.

The image process apparatus according to Claim 1, wherein the color balance control unit previously holds ranges
of the color balance control value depending on whether the light source is the fluorescent lamp or not and restricts
the output color balance control value within a range of a light source to which the photographing light source
belongs, based on the index from the index generating unit.

The image process apparatus according to Claim 1, wherein the color balance control unit previously holds a plurality
of color balance control values depending on whether the light source is the fluorescent lamp or not, selects at least
one control value of a light source to which the photographing light source belongs from the held control values,
based on the index from the index generating unit, and extracts the output control value based on the selected
control value.

An image pickup apparatus for picking up an image using an XY address scanning type solid-state image pickup
device, comprising:

an integration unit integrating at least one of each of color signals of a color image signal obtained by picking
up the image or a brightness signal obtained from the color image signal over at least one horizontal period;
a normalization unit normalizing an integration value obtained by the integration unit and a difference between
the integration values of adjacent fields or frames obtained by the integration unit;

a frequency analysis unit extracting spectrum of output values of the normalization unit;

an estimating unit estimating a flicker component from the spectrum extracted by the frequency analysis unit;
anindex generating unit calculating anindex representing a degree that a photographing light source is estimated
to a fluorescent lamp, based on an estimated result of the estimating unit; and

a color balance control unit adjusting color balance of the color image signal according to the index from the
index generating unit.

8. Animage process method of adjusting color signals of a color image signal, comprising the steps of:

allowing an integration unit to integrate at least one of each of the color signals of the color image signal or a
brightness signal obtained from the color image signal over at least one horizontal period;

allowing a normalization unit to normalize an integration value obtained by the integration unit and a difference
between the integration values of adjacent fields or frames obtained by the integration unit;

allowing a frequency analysis unit to extract spectrum of output values of the normalization unit;

allowing a flicker component estimating unit to estimate a flicker component from the spectrum extracted by
the frequency analysis unit;

allowing an index generating unit to calculate an index representing a degree that a photographing light source
is estimated to a fluorescent lamp, based on an estimated result of the flicker component estimating unit; and
allowing a color balance control unit to calculate a color balance control value of the color image signal according
to the index from the index generating unit.

9. An image process program for executing a color adjustment process of a color image signal on a computer, the

computer is allowed to serve as:

an integration unit integrating at least one of each of color signals of the color image signal or a brightness
signal obtained from the color image signal over at least one horizontal period;

a normalization unit normalizing an integration value obtained by the integration unit and a difference between
the integration values of adjacent fields or frames obtained by the integration unit;
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a frequency analysis unit extracting spectrum of output values of the normalization unit;

a flicker component estimating unit estimating a flicker component from the spectrum extracted by the frequency
analysis unit;

anindex generating unit calculating anindex representing a degree that a photographing light source is estimated
to a fluorescent lamp, based on an estimated result of the flicker component estimating unit; and

a color balance control unit calculating a color balance control value of the color image signal according to the
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